Coordination of arm muscles during flexion and supination: application of the tensor analysis approach.
In order to obtain a good understanding of the coordination of the motor system several problems have to be solved. Two major issues are: (1) that muscles do not form an orthogonal coordinate system, and (2) that the number of muscles that may contribute to a movement in general exceeds the number of degrees of freedom of the movement. The latter allows the movement to be executed by an infinite variety of muscle activations. A theoretical solution to these problems has been elaborated by Pellionisz and Llinás. However, convincing experimental support for this theory is still lacking. In this paper the theory has been applied to the activation of arm muscles which contribute to flexion/extension and supination/pronation of the arm. Motor unit activity was recorded with fine wire electrodes. As reported in previous papers, the recruitment threshold of motor units in arm muscles during isometric contraction depends on a combination of forces in flexion and supination directions. This dependence is characteristic for motor units in a single muscle, but is very different for motor units in different muscles. The theoretical results are in good agreement with the behavior of the recruitment threshold for flexion, which decreases (such as m. biceps brachii), or increases (such as for m. brachialis and m. brachioradialis) with force in supination direction. The theory also correctly predicts how the recruitment threshold for motor units changes as a function of the angle between forearm and upper arm. These results give firm support to the hypothesis that the central nervous system uses a tensorial approach for the activation of the motor system, as originally proposed by Pellionisz and Llinás.